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METHOD OF MONITORING THE
OPERATIONAL CONDITION OF A TIRE

The invention relates 1n general to techniques associated
with making motor vehicles safe.

More precisely, the invention relates to a method for moni-
toring the operational condition of a tire equipping a vehicle,
this method including at least the steps consisting 1n produc-
ing, over time, representative samples of successive values
assumed by a changing physical quantity, under conditions
otherwise equal, with respect to the number of moles of
gaseous fluid present 1n this tire, 1n exploiting these samples
in order to deduce from them an estimated condition of the
tire, and 1n comparing 1t to a range of normal driving condi-
tions, and 1n producing an alarm in the case where the esti-
mated condition of the tire 1s situated outside the range of
these normal conditions.

A method of this type, for example, 1s known by those
skilled in the art by way of the patent document FR 2 622 843.

According to this known method, the condition of one tire
of the vehicle 1s compared to the condition of another tire of
this same vehicle, taken as a reference, the variance i1n the
respective conditions of the tires compared leading to the
identification of an anomaly.

Despite 1ts advantage, this technique suffers from several
limitations.

As a matter of fact, on the one hand, this known method
makes 1t possible, with ditficulty, to detect a defect affecting
the tires compared 1n a relatively equal manner.

On the other hand, this known method can take normal
deviations between the tires compared as an anomaly, such as
the deviation likely to result from the fact that one of the tires
1s exposed to the sun while the other 1s 1 the shade.

Although, by way of the patent U.S. Pat. No. 6,246,317,
those skilled 1n the art also know a more eflicient method for
monitoring the condition of the tires of a vehicle, no known
method enables a completely effective discrimination of the
various conditions of a tire.

Within this context, the purpose of the invention 1s to
propose a method for monitoring the operational condition of
a tire which meets this need.

To that end, the method of the 1nvention, 1n other respects
consistent with the generic definition given of 1t by the above
preamble, 1s characterized substantially in that the step of
exploiting the samples includes at least one operation con-
s1sting 1n comparing an indicator of dispersion of said physi-
cal quantity to a predetermined threshold value, 1n that the
physical quantity used consists of the ratio of the temperature
of the gaseous fluid to 1ts pressure, and in that the alarm
indicates a leak 1n the tire, at least 1n a case where, at the same
time, this physical quantity increases while 1ts variance
exceeds the predetermined threshold value.

The 1ndicator of dispersion of the physical quantity, for
example, consists of the variance 1n this quantity or its stan-
dard deviation.

The physical quantity used 1s preferably chosen from the
set including the pressure of the gaseous fluid, the ratio of the
temperature of the gaseous fluid to 1ts pressure, and the ratio
of the pressure of the gaseous fluid to 1ts temperature.

The step of exploiting the samples includes, for example,
pre-formatting operations consisting in calculating at least
one average from pl successive samples of the physical quan-
tity, and 1n calculating a sliding value for the indicator of
dispersion of the physical-quantity from ql averages, pl and
gl being whole numbers greater than 1.

Each new calculation of the average i1s advantageously
performed on pl new samples of the physical quantity, dif-
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terent from the p1 samples used for the preceding calculation
of this average, and the shiding value for the indicator of
dispersion of the physical quantity 1s recalculated upon each
new calculation of the average.

In order to be able to monitor the possible appearance of
defects of various types, it 1s possible to provide for the step
ol exploiting the samples to include pre-formatting opera-
tions consisting in concurrently calculating k averages from
different respective numbers pk of different samples of the
physical quantity, and in calculating k sliding values for the
indicator of dispersion of the physical quantity from different
respective numbers gk of different averages, k, pk and gk
being whole numbers greater than 1.

Furthermore, the step of exploiting the samples can include
an operation consisting in taking into account the sign of the
change 1n the physical quantity and/or the speed of the vehicle
in order to distinguish, 1n the event of an alarm, between two
different estimated conditions of the tire.

In the case where the physical quantity used consists of the
ratio of the temperature of the gaseous tluid to its pressure, the
alarm indicates reintlation of the tire at least in the case where,
at the same time, this physical quantity decreases while 1ts
variance exceeds the predetermined threshold value and
while the speed of the vehicle 1s zero.

The monitoring method of the mvention 1s very advanta-
geously applied to a tire containing a foam tube capable of
coming into contact with the mside face of this tire.

In this case, and 11 the physical quantity consists of the ratio
of the temperature of the gaseous fluid to its pressure, the
alarm indicates contact of the foam tube with the mside face
of the tire, at least 1n a case where, at the same time, this
physical quantity decreases while 1ts variance exceeds the
predetermined threshold value and while the speed of the
vehicle 1s not zero.

Other characteristics and advantages of the invention waill
be deduced clearly from the description of 1t given hereinai-
ter, for illustrative and non-limiting purposes, with reference
to the appended drawings, 1n which:

FIG. 1 1s a sectional view of the lower portion of a tire
equipped with a foam tube and shown 1n a normal operating
condition;

FIG. 2 1s a sectional view of the lower portion of the tire
illustrated 1n FIG. 1 and shown 1n a malfunctioning condition
having led to the expansion of the foam tube; and

FIGS. 3A to 3D are diagrams showing, respectively, with
respect to time t, the evolution of the pressure P, the tempera-
ture T, the ratio T/P of the temperature to the pressure, and the
variance S*(T/P) of the ratio T/P of the temperature to the
pressure 1n a tire equipped with a foam tube and undergoing
a breakdown.

As 1ndicated previously, the invention relates to a method
for monitoring the operational condition of a tire 1 equipping
a vehicle.

This method typically, includes an acquisition step consist-
ing 1n producing, over time, samples G(n) representative of
successive values assumed at sampling moments n by a physi-
cal quantity G associated with the condition of the tire 1, an
exploitation step consisting 1n exploiting these samples G(n)
in order to deduce from them an estimated condition of the
tire 1 and to compare 1t to a range of normal driving condi-
tions, and a signaling step consisting 1n producing an alarm in
the case where the estimated condition of the tire 1 1s situated
outside the range of these normal conditions, 1n particular due
to a leak.

The physical quantity G 1s more precisely chosen to
change, under conditions otherwise equal, with respect to the
number of moles N of gaseous tluid present 1n this tire 1, so as
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to enable the use of Mariotte’s law, which associates the
pressure P, the volume V, the number of moles N and the
temperature T of an 1deal gas contained in an enclosure by the
following relationship:

P.V=N.R.T,

where R 1s a thermodynamic constant well known to those
skilled 1n the art.

According to the invention, the step of exploiting the
samples includes at least one operation consisting 1n compar-
ing the value for an indicator of dispersion of the physical
quantity G to a threshold value L obtained experimentally
and, 1n any event, predetermined.

Thus, contrary to the known method of the aforesaid
patent, the method of the mnvention, which exploits the physi-
cal quantity G by means of an indicator of dispersion, frees
itsell from the necessity of comparing the condition of each
tire of the vehicle to the condition of another tire of this same
vehicle.

The indicator of dispersion of the physical quantity G, for
example, consists of the variance S*, (G) of this quantity, or of
its standard deviation.

The method of the invention furnishes the best results 1n the
case where the physical quantity G used consists of the pres-
sure. P of the gaseous fluid, or the ratio T/P of the temperature
T of the gaseous fluid to 1ts pressure P, or else the ratio P/T of
the pressure P of the gaseous fluid to 1ts temperature T.

The step of exploiting the samples G(n) includes prelimi-
nary calculation operations making 1t possible to obtain the
variance S, (G) of the physical quantity G.

To accomplish this, 1t 1s possible, after the acquisition of p1

samples G(n) of the quantity G, to calculate an average M,,
such that:

where pl whole number greater than 1.

Upon obtaining each new value for the average M, a new
value for the variance 1s calculated by applying the formula:

(M 1k —m;)*
gl —1

S?1(G) =

k=j—ql

where q1 1s a whole number greater than 1, and where m; 1s the
average ol the ql averages M1k, namely:

In practice, 1t 1s desirable to calculate each new value for
the average M,; by means ot pl new samples of the quantity G,
different from the p1 samples used for calculating the previ-
ous value for the average M, ,_ ;.

Furthermore, a new value for the variance 1s preferably
calculated upon obtaining each new value for the average.

The method of the mvention makes 1t possible, 1n particu-
lar, to detect a possible leak 1n the tire.
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In order to optimize detection and adapt 1t to the serious-
ness of the leak, which can be relatively fast, it may be
well-advised to monitor not one single value for the variance
of the quantity G, but several values for this variance.

In order to do this, for example, 1t 1s foreseeable to concur-
rently calculate k averages, such as M,; to M, ot the physical
quantity G, from different respective numbers pk of succes-
stve samples G(n) of this quantity G, where k and pk are
whole numbers greater than 1.

In other words, these averages are calculated in time win-
dows of different durations.

It is then possible to calculate k values, such as S*,(G) to
S*.(G), for the variance of the physical quantity G from
different respective numbers gk of different averages, where
gk 1s itself a whole number greater than 1.

The values for the variance obtained from the averages
calculated 1n time windows of relatively short duration are
suitable for monitoring relatively fast phenomena, whereas
the values for the variance obtained from the averages calcu-
lated 1n time windows of relatively long duration are suitable
for monitoring relatively slow phenomena.

In order to further improve the quality of the evaluation of
the condition of the tire 1, and, 1n particular, 1n order to
distinguish between two different estimated conditions of the
tire, in the event of an alarm, 1.e., in the event that the threshold
value L 1s exceeded by a calculated value for the variance of
the physical quantity G, the method of the invention further
provides for taking into account the sign of the change 1n the
physical quantity G and/or the speed X' (t) of the vehicle.

The method of the invention can be applied not only to the
monitoring of standard tires, but also to that of tires that
contain a foam tube 11, as shown 1n FIGS. 1 and 2.

A foam tube 15 a torus consisting of a closed-cell foam
material, as itroduced, in particular, 1n the document FR 1
450 638. The foam material 1s preferably leak-proof. The
closed cells contain a gas under a pressure greater than atmo-
spheric pressure but less than the usual tire inflation pressure.
Consequently, foam tubes arranged 1nside the cavity of a tire
and a rim are 1n the compressed state when the pressure inside
the cavity 1s the usual inflation pressure, but gradually expand
until being capable of occupying practically this entire cavity
when the pressure inside the cavity decreases due to a leak, for
example.

In a tire of this type, the foam tube 11 1s 1n a compressed
state (FIG. 1) as long as this tire 1s 1n a normal operating
condition, but gradually expands 1n the event of a leak 1n the
tire, and can even come 1nto contact with the inside face 10 of
this tire 1 (FIG. 2) 1n the event of a prolonged leak.

Under these conditions, replacement of the lost air inside
the tire 1, via expansion of the tube 11, makes 1t particularly
difficult to momitor a possible change 1n the condition of this
tire.

However, 1n particular by choosing the ratio T/P of the
temperature T of the gaseous fluid to 1ts pressure P, as the
physical quantity G, the method of the mvention makes 1t
possible to reliably produce an alarm indicating a leak 1n the
tire 1, 1n the case where, at the same time, this ratio T/P
increases while its variance S°,(G) exceeds the predeter-
mined threshold value L.

In the same way, still by choosing the ratio T/P of the
temperature T of the gaseous fluid to its pressure P, as the
physical quantity G, the method of the invention makes 1t
possible to reliably produce an alarm indicating that the tire 1
1s only being reintlated, 1n the case where, at the same time,
this ratio T/P decreases while its variance S*,(G) exceeds the
predetermined threshold value L and while the speed X' (1) of
the vehicle 1s zero.
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By choosing the ratio T/P as the physical quantity G, the
method of the invention further makes it possible to reliably
produce an alarm 1ndicating contact of the foam tube 11 with
the 1nside face 10 of the tire 1, 1n the case where, at the same
time, this ratio T/P decreases while its variance S*,(G)
exceeds the predetermined threshold value L and while the
speed X' (t) of the vehicle 1s not zero.

Although not necessary, 1n one particular embodiment, a
rapid leak alarm can be sounded to report the occurrence of
the logical combination:

(C1 OR (C4 AND C5)) AND (C2 AND C3 AND (C6
OR C7)),

where C1 to C7 are conditions that will be specified later.
In the same way, a reinflation alarm can be sounded to
report the occurrence of the logical combination:

(C1 AND NOT-C2 AND NOT-C3)

An alarm for contact of the foam tube 11 with the inside
tace 10 of the tire 1 can be sounded to report the occurrence of
the logical combination:

(C1 AND NOT-C2 AND C3) OR (C2 AND C4 AND
C8),

the occurrence of the condition (C1 AND NOT-C2 AND C3 ),
resulting 1n the alarm being triggered, and the occurrence of
the condition (NON-C2 AND C4 AND C8 ), causing the
alarm to be maintained 1n order to prevent any possible 1nsta-
bility due to 1mnaccurate measurements.

The conditions C1 to C8 have the following meanings.

C1: the variance 1n the ratio T/P exceeds the threshold L ;

C2: the ratio T/P increases:

C3: the speed X' (1) of the vehicle 1s not zero;

C4: the variance 1n the ratio 'T/P exceeds the threshold L-e
where “e” 1s a small quantity compared to L, of the order
of the value of the uncertainties of measurement of the
quantity G, and making it possible to introduce an hys-
teresis mto the production of the alarm;

C5: a rapid leak alarm has already been produced at a
previous moment;

C6: an alarm for contact of the foam tube 11 with the inside
face 10 of the tire 1 has just been produced;

C7: the time elapsed since a contact alarm 1s longer than a
cooling down time period;

In order to prevent false leak detections due to a cooldown
following contact with the foam tube, counting of the time
clapsed since the last contact 1s actually itroduced.

(C8: a alarm for contact of the foam tube 11 with the mside
face 10 of the tire 1 was produced at the moment of the
previous sampling;

In order to put the hysteresis parameter “e” in place, 1t 1s
verified whether contact actually occurred at the previous
moment.

The application of the method of the invention to a actual
case of a leak 1n a tire equipped with a foam tube 11 1s shown
in FIGS. 3A to 3D, the physical quantity G used consisting of
the ratio '1/P of the temperature T to the pressure P of the air
inside of this tire.

The time t, on the x-axis of these diagrams, 1s 1n fact
measured by number of sampling moments.

When a leak occurs (moment t, in FIG. 3A), the pressure P
inside the tire drops slightly, the temperature T, on the other
hand, being capable of varying only slowly, 1n the increasing,
direction (FIG. 3B).

Thus, the ratio T/P 1tself (FIG. 3C) also undergoes a rela-
tively slow increase.
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On the other hand, the variance 1n the ratio T/P (FIG. 3D)
very quickly shows quite significant relative variations, and
exceeds the limiting threshold L, in this case set at 0.5, at a
moment t',, which follows very closely after the moment t, at
the start of the leak, the leak alarm thus being capable of being
sounded even though the temperature T has not yet changed.

At the moment t,, the tube 11 comes 1nto contact with the
inside face of the tire 1.

Shortly afterward, the ratio T/P begins to decrease.

At the moment t';, after having decreased, the variance 1n
the ratio 'T/P once again exceeds the limiting threshold L.

The combination of the decrease 1n the ratio 1/P and the
threshold LL being exceeded by 1ts variance makes it possible,
at this moment t',, to 1ssue an alarm for contact of the tube 11
with the mside face 10 of the tire 1.

The mnvention claimed 1s:

1. Method for monitoring the operational condition of a tire
(1) equipping a vehicle, this method including at least the
steps consisting 1 producing, over time, representative
samples (G(n)) of successive values assumed by a changing
physical quantity (), under conditions otherwise equal, with
respect to the number of moles (N) of gaseous fluid present in
this tire (1), deducing from these samples an estimated con-
dition of the tire (1), comparing said estimated condition to a
range ol normal driving conditions, and producing an alarm
in the case where the estimated condition of the tire (1) 1s
situated outside the range of these normal conditions, char-
acterized in that the step of deducing from the samples
includes at least one operation consisting in comparing an
indicator of dispersion of said physical quantity (G) to a
predetermined threshold value (L), wherein physical quantity
() used consists of the ratio ('1/P) of the temperature (T) of
the gaseous tluid to its pressure (P), and the alarm indicates a
leak 1n the tire (1), at least 1in a case where, at the same time,
this physical quantity (G) increases while its variance (S*,
((3)) exceeds the predetermined threshold value (L).

2. Monitoring method of claim 1, characterized 1n the said
physical quantity (G) 1s chosen from the set including the
pressure (P) of the gaseous fluid, the ratio (1/P) of the tem-
perature (1) of the gaseous tluid to 1ts pressure (P), and the
ratio (P/T) of the pressure (P) of the gaseous fluid to 1its
temperature (1).

3. Monitoring method as claimed 1n claim 1, characterized
in that the step of exploiting the samples (G(n)) includes
pre-formatting operations consisting in calculating at least
one average (M, ;) from p1 successive samples of the physical
quantity, and in calculating a sliding value (S*,(G)) for the
indicator of dispersion of the physical quantity (G) from gl
averages, pl and gl being whole numbers greater than 1.

4. Monitoring method of claim 3, characterized in that each
new calculation of the average (M, ;) 1s performed on p1 new
samples (G(n)) of the physical quantity, different from the p1
samples used for the previous calculation of this average, and
in that the sliding value for the indicator of dispersion of the
physical quantity 1s recalculated upon each new calculation of
the average.

5. Monitoring method as claimed 1n claim 3, characterized
in that the step of exploiting the samples (G(n)) includes
pre-formatting operations consisting in concurrently calcu-
lating k averages (M, -M, )from ditterent respective numbers
pk of successive samples (G(n)) of the physical quantity (G),
and in calculating k sliding values (S* 1(6)-(Szk(G)) for the
indicator of dispersion of the physical quantity (G) from
different respective numbers gk of different averages, k, pk
and gk being whole numbers greater than 1.

6. Monitoring method as claimed in claim 1, characterized
in that the step of exploiting the samples (G(N)) further
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includes an operation consisting in taking into account the
sign of the change 1n the physical quantity (G) and/or the
speed (X'(t)) of the vehicle 1n order to distinguish, 1n the event
of an alarm, between two different estimated conditions of the
tire (1).

7. Monitoring method as claimed in claim 1, characterized
in that the indicator of dispersion of the physical quantity (G)
consists of the variance (S*,(Q)) or the standard deviation for
this quantity.

8. Monitoring method as claimed in claim 1, characterized
in that the physical quantity (G) consists of the ratio (1/P) of
the temperature (T) of the gaseous tluid to 1ts pressure (P) and
in that the alarm indicates reinflation of the tire (1) at least 1n
the case where, at the same time, the physical quantity (G)
decreases while its variance (S%,(G)) exceeds the predeter-
mined threshold value (L) and while the speed (X'(1)) of the
vehicle 1s zero.

9. Monitoring method as claimed in claim 1, characterized
in that 1t 1s applied to a tire (1) contaiming a foam tube (11)
capable of coming into contact with the imnside face (10) of this
tire (1).

10. Momitoring method of claim 9, characterized 1n that the
physical quantity consists of the ratio (1/P) of the temperature
(1) of the gaseous fluid to 1ts pressure (P) and 1n that the alarm
indicates contact of the foam tube (11) with the mside face
(10) of the tire (1) at least 1n the case where, at the same time,
the physical quantity (G) decreases while its variance (S,
(()) exceeds the predetermined threshold value (L) and while
the speed (X'(1)) of the vehicle 1s not zero.

11. Monitoring method as claimed 1n claim 2, character-
1zed 1n that the step of exploiting the samples (G(n)) includes
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pre-formatting operations consisting in calculating at least
one average (M, ;) from p1 successive samples of the physical
quantity, and in calculating a sliding value (S*,(G)) for the
indicator of dispersion of the physical quantity (G) from gl
averages, pl and g1 being whole numbers greater than 1.

12. Monitoring method as claimed in claim 2, character-
1zed 1n that the step of exploiting the samples (G(N)) further
includes an operation consisting in taking into account the
sign of the change 1n the physical quantity (G) and/or the
speed (X'(t)) of the vehicle 1n order to distinguish, 1n the event
of an alarm, between two different estimated conditions of the
tire (1).

13. Momitoring method as claimed 1n claim 2, character-
1zed 1n that the indicator of dispersion of the physical quantity
(G) consists of the variance (S2, (G)) or the standard deviation
for this quantity.

14. Monitoring method as claimed in claim 2, character-
1zed 1n that the physical quantity (G) consists of the ratio ('1T/P)
of the temperature (1) of the gaseous fluid to its pressure (P)
and 1n that the alarm indicates reinflation of the tire (1) at least
in the case where, at the same time, the physical quantity (G)
decreases while its variance (S*,(G)) exceeds the predeter-
mined threshold value (L) and while the speed (X'(t)) of the

vehicle 1s zero.

15. Momitoring method as claimed 1n claim 2, character-
ized 1n that it 1s applied to a tire (1) containing a foam tube
(11) capable of coming 1nto contact with the inside face (10)

of this tire (1).
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